Supplementary Information

A. Simulation Parameters and their Relationships to the Experimental Values
For a set of reference parameters, we chose the values described below, which are based on the experimental data available for pure BZ gels 1, 2 , pure spirobenzopyran-functionalized gels 3, 4 , and the dual-functionalized polymer chains (the so-called PNRS, or poly(NIPAAm-co-Ru((bpy) 3 -co-Sp) 5 . For the BZ reaction parameters, we set  is an adjustable parameter of the model that accounts for the hydrating effect of the oxidized catalysts on the BZ gels 6 . The choice of these parameters sets the dimensionless units of time and length in our simulations to be sec 1 and m  40 , respectively 6 .
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We now turn to the parameters that account for the functionalization with spirobenzopyran chromophores in our dual-functionalized gels. McH to the SP form is typically within the range from 82% to 98% in the photo-stationary state, depending on the specific spirobenzopyran derivatives that were used.
We set the interaction parameter that describes the photo-induced decrease in the hydration of the polymer network to . The evolution of the z-coordinate of center of the gel is given by the black line in Figure S3 . ).
Finally, we also found that for the case of pure BZ gels, the motion of the sample of the same size strongly depends on initial random fluctuations, similar to the case shown in Figs. S3-S4 . ; the rest of the sample is illuminated. Similar to the case involving the rectangular sample (see Fig. 4 ), increasing the radius of the masked region (and thereby decreasing the size of the edges that undergo light-induced shrinking) produces dynamical behavior that depends on initial fluctuations. As in Fig. 4 , the sample reorients to fit into the dark region. The times are as follows: (a) 
